Abstract--The macroscopic limit of the Enskog kinetic equation with three small parameters: the Knudsen number, the Mach number, and the scale of the diameter of the particles, is considered in ]C a. For some relations between the small parameters, the Enskog equation results in the NavierStokes equation for incompressible fluids completed by the Boussinesq relation and the temperature fluctuations equation. The global existence of classical solutions of the Enskog equation and convergence towards the macroscopic system are proved for small initial data (but independent of the small parameters). @ 2000 Elsevier Science Ltd. All rights reserved.
The Boltzmann equation, in the hydrodynamic limit, as both the Knudsen number and the Mach number are of the same order and tend to 0, is consistent with the incompressible Navier-
Stokes equation (set [1-a]).
Our aim is to study the incompressible macroscopic limit for the Enskog kinetic equation--a quite successful model of kinetic theory of moderately dense gases [4] [5] [6] [7] [8] .
Tile compressible macroscopic limit for the Enskog equation has been studied in [9] at the level of the Enskog-Euler system.
To our knowledge, this paper is the first one in which an incompressible macroscopic limit, of the Enskog equation is presented.
We consider the kinetic Enskog equation with a constant pair correlation function (the so-called Boltzmann-Enskog equation) in the dimensionless form [101 
This condition corresponds to the case when the particle diameter is of order of the Knudsen number, i.e.,
in the limit a ~ 0, N Too, where N is the number of particles. Formally, in limit (2), equation (1) leads to the solution of the form of Maxwellian
for some fluid-dynamic parameters p (local density), u (macroscopic velocity), T (temperature). The solution to equation (1) 
where
Equation (5) together with (6) and (7) lead to the following set of equations: 
From equation (8), we obtain the incompressibility relation
together with the Boussinesq relation l+-~-bgo 0x(ToOl) q-l+-~b~o0 0x(9oTl)=0-
<,13)
Note that this differs from the Boussinesq relation corresponding to the Boltzlllann e(lu~ttion are tile viscosity and thermM diffusivity coefficients, respectively, #u > 0 and fi.u > 0 are the corresponding coefficients related to the Boltzmann equation [2, 3] ,
the pressure p is defined as follows:
The rigorous theory of relationships between equation (1) and system (12), (14)- (16) is at present far from being developed.
In this paper, we announce the rigorous result for equation (1), under the assumption that
where b0 > 0 is a sufficiently small constant (independent of the small parameters) and r is a sufficiently large number. Condition (20) is related to
in the limit a ~ 0, N T oo. Formally, equation (1) under assumption (20) with r > 2 results in the following system:
and eoOtT1 + OoU. 0~rl = pB(0x)2rl, where the pressure p, for r = 2 is defined as follows: We can now formulate our main results:
